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Estimation of phenological parameters in SSM-Wheat model for bread wheat
(Triticum aestivum L..) genotypes in Golestan province of Iran

Pt Lo e 5T o e ST guge S el ol T Sllals 281 ALy e daes

o>

ok f“‘f sbhesss sl SSM-Wheat Jus s 3958 Glaamal b o5)sT 5 ATAA Swd 1E 9 2F e o) S I ezp (Dl
Fer-F1E )Y O gl (S10) pale 4 4l 0kl Ol s (Triticum aestivum L.)

Jeb (JLua s slaks) SSM-Wheat oo 58 5359098 S 93 3L 0590 (S jolil) (Sldvdomunl § duvlono jotun 4
(Obds™ Ol 38 PSS (Sl 955 (S0 5ot gm 39) (S ) 395 SN o § (395 Job 4 Camlas 0 50 9 (Sl 39
B 53 (N-87-19 § N-87-20 (L5 5T chdS cly 33 couhd 957 (5205 oy 319 30) PR i 5 Caddd b bl oo s 1Y 50 oo T
P93 4o 53 Uiy oo 31 alodT ol 38 .08 [ 1FAY 9 17Y aly3 Sla Jlo 10 51,5 slez b Solai ol Sloessl 7,0
1S mix0 gl 457 OIS O gl b 0oliiul 395 Jgbo § Lod 31 0dlitul b by Blo b 903 a pur O kS Ay Lo g3 (Sl g
Sl 0 52 § () 39 SIS S5 31 (Jg (el 3929 (JI o 395 Jgb 9 JLasl sked a5l puss S gl (w
Pl F 4 PAT S T Sl (e 9 Dlie cil) JWal Saled Juw 53 (nlply il D3l 95 Job
O Cumilud 9 gm0 AT Gt Sl V) S o1 98 G120 39 Jabo 09Mr . Nkd &b 7 5 30 81 F ilw 4> 93 £+ 9 YA
U cblm <o ieled Jorlpo pd 31 puisd (ST g5 .o comend /¢ oMY B o[ o TYY o piis™ S5 ST 390 Job
SUB105 57 6 g3 yaluiuw (St 3 393 T/4) (38 ralins B ST (s 3 395 Y/A) oy ra8le 6 J3domiy o (s ) 393 VT) O
A Il ol b il 000 b (618 e gl (St 595 VA) Sl b O3 g 38 (T 31 9 (S 395 VE)
U SLE8108 5 9 () 390/ U £1Y) il U5 yid sl o ) 39 VA B 1/0) 34wy B Ok jou 3399938 Jool yo
20 Hlade 457 310 LG Jo 2L sl gl . Xidgr (518 im0 9laT (8118 (a3 39 YEIA G YY) O 5gdgn 3d 5wy
2 L) Y1 8 (Ao 38 Vo /1 O i o 3o L) VIV ol 5 Ty 6 39 9 (SLESM03 7 6 395 (51 las Ol o (3aSilse
9393 Jab 4 Camlus o 50 (Sl 2 395 Job (Jlo )l lakd (dsmul B galodT oyl 53 .08 39 (o33 0/ il i
Nl 33971 ¢ SludS Ol 3 piS pBsl Sy Jgd BB S b s 39

LA 9 S 390 Job (S d 39 (JLasl Sled el Fu b i sunls” svely

A2 o o880 A (DL e e VAV b RN YR 1l 5 b
085 b e 5 (655558 p sle ol8tils )| puli IS 5 paT 5l -

o5 b gl s isliS o e ozl slewl Y

OB S b e 5 (555188 oty Ltsls ¥

B85 b e 5 (655588 i S e skl -F

@.nehbandai@yan00.com s S Cany) (oS 43150) 08 oac mwlio 5 (55518 p sle olSKtils (51875 (5 gtils -0

Yoy


http://dx.doi.org/10.29252/abj.21.4.302
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.1.7
http://agrobreedjournal.ir/article-1-1075-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-31 ]

[ DOR: 20.1001.1.15625540.1398.21.4.1.7 ]

[ DOI: 10.29252/2hj.21.4.302 ]

YA Oliess F o,lets A(,s_ 5 S e (001 2 pole 4"

S 53y dsk) Csthe S5, sk sel e 4 ar g
(S o 208 4 655 503 Loy OT 1 5y 0
g F Y5k elsen VL lales o
Ay Sl . SSM-Wheat Ji»
&l o3l Juse ¢S (Soltani and Sinclair, 2012)
508 ol a5 Ol e OT LS L o7 il o S
OT 5 55 (s e 5 dames (S35 Sl 3 gl
Jlesl L oS gl Jule ol 357 s 5 40525 1
DaLE il (6 e 5 o3l okl cosl Sl i

9035 5L AS hyls Jae cpl syl |y Hlsals oy
oldal gl el (gloslw Sl (glyls O 4o
Sdae as” 0T Sl oslimul b6 55 255507
S Sl Silo &S b JeuSTT aal y Dlio
QTL)\JLV\_S wo:\.@.—w"' | ;’_"-.jjﬁ-jébj)j
‘):_3_) dw\_ﬂ U_-’-‘ 2 .(Soltani, 2011) C,\_.w\ osl_w
Olsie & S 55 (S35 55 sty Sl
o 250 Slwes g 5 595 d b Las 5 (0
T QUG 4 - PRDY S WP P P
sy (S5 s gladnT b (g5lwans ol
Mﬁ)cﬁ@tw” ‘)l_;.'¢~\_.5/)bb,$l.q$
‘O:_é) al_w cu..:_m.aT cJéj Sl g4y (OLS juw
;*:—“ingd,jjﬁjéf-g_w)c@ldﬁ\asf
Jie ol 55 (Soltani and Sinclair, 2012) & _&ls
do 0 &S (6l 5L 3y e oled -l Ol 5
Sl 3L e emr 5B S S e
OT & Ml 457 5,5 Ly (BD) &5 555 al> e
25 e IS 2550 (65 50 53)) (s 5
s esla wl sy s e glaami w3 sl ds
slales Joli SSM-Wheat Ji )5 (555 56 Jis
Job & Conlo a8 5 Sl S50 d b sl
Dbl pE o5 31 (63 3mmn sl 51 a5,
o ol a3l cpl b (el dculoes OlulS
558 dbe 2 5L 3 g0 Gladminl b aclows 5o
Slas 85 ) S5 S 5 SSM-Wheat Jute )5

oo

93 0L g oo g il e 54055
OT s Joalse G 5 (lames Jalse L L3
23 835 Cmronl S5 el (i ey
o3l w35 5 W5 L5 el o5 OlS (g5lede
A U o) 0balE (giluans gladde s oSis
S5 Jol i 55 Olaj 5L oo 3L
oy 53 ALE sladds (Soltani, 2011) A sl
O e Sl s i3 sl 4 0 Sy e
J 3 63,150 4 015 o0 (LS sladite slas 1,8
3 es iy 5 485 B3y s 4 $SGS

[(Soltani, 2009) > S o ,Lal
5ol Lis oly5 &Y gams o 5 ool (,.u?
ﬁ)oMgMW\fl)jaL;}gC)‘ﬁ\)a
jw\gqjl_g.:)bczﬂq.l}:ﬁé;@?
)‘ ol 4))_::5 Lfc‘)) LS\—“CL]"’ B (J._f LI:_S"
23 6L i Ll g o0 Il (g5lwand ladte
e eSS et il ls OT W5 53l
ngl_wa)l_«jj)) d}b‘bb@ﬁ)ébugﬁﬂ
.(Ritchie, 1991) A sl e Les LS oo L 3
215 b5 0 (S5l ladis 55 Jalse ol
O (V) il o5 5 T(P) S5y J b oF(T) Luss
58 ly.(Streck et al, 2003) Ly b e o3l
s o 6olgiey J4e s (Wang and Engel, 1998) ‘_}is!
(las (6l L w51 pdST (6 5m lpo s Py 81
5 Al s S sl (g5l o )lg Gl (1SS
Jsb s Les 51 (Slafer and Rawson, 1996) O g !,
o p 305 pIS 355 e e 1 s
daR )3 4ad 8w 4S5 sl LS T Aislsyl
0T lize Sl 31 5 s oy Jsb dows 4 sai ol o
BIESRIe ax Sl aals Hlgbl boT A4S ok
09 Lol edls 5 oy DM | sl 555 b S


http://dx.doi.org/10.29252/abj.21.4.302
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.1.7
http://agrobreedjournal.ir/article-1-1075-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-31 ]

[ DOR: 20.1001.1.15625540.1398.21.4.1.7 ]

[ DOI: 10.29252/2hj.21.4.302 ]

"X YA O 5 Al e 5053 (ladmial b 55T "

Sty 5 S5 (S Gltiles S
[(Soltani and Sinclair, 2012) Lzwa Cils
) 38 U_g.é.e 31 SSM-Wheat J4» ;s
eSS 598 ol e o i ) (Biological day)
O POV T PR VS IS PPN GRSV FLW
530 dsb s Les Ll 5 0T )3 a8 Coal o 55 55
o e Al ol a3 ST ¢ s
3 o o i o S 15U 3588 e S
OLas |y ado e 93 ol oy FSKas S5 3l o 28
) 5l (s 5 GLa5) S denlous (gl 5 dad
((Soltani, 2009) A% eslizw! 5 §
CBD = X[, (f(T).f (PP)-f(V)) (V alaly)

S A o (5l ezl ) j9, 31das :CBD
F(V) oy Jsb Jale F(PP) cles Jals of(T) ¢ kas 5 50
ESC ) mr s Lasg, sl N (s5lwe, Ly et
HT) ol s s S5 oo b (5505 Ao o
(= s el SO i s f(V) 5 T(PP)
iy S5 g o o S (6l e L2
oo o OT el o 50 OT (61 (pme I o
L5 0 3l o8 S5 55 e ol dal
STy byl 5 555 Jsb dles 4 b Al
AU o L8 6505 g ol e gl s das e
325 8 g (5l S 4 by e ke s Bl e oo
3 -5 g e3liiul (Beta function) L b e
(Soltani, 2009)

Tp-Th
Te-T T-Tb.qep
O (¥ o)

les Te coshes glos Tp caly (los Tp clos T
i3 530 Fa 5 1S Slo am s ) (o
Uk 4 g5 e 53 iS4 e Jbe 53
(Soltani, 2009) » 34 s eslizul p g3 4 )5 &b 53 5ss

f(PP) =[1-PPsenx(CPP-PP)] (¥ dal,)

A gl OldS Olenl s 6.\.’5 o

by w9y 9 3lg0

L;udl_w;kwl{'@,uw 23 sl o

o iils 8 40T — SLidow 4o 0 531 FAY [ 14N
uéj_cl_goL?,?u—x:b@Llwdju\—f«fc}—*“
bl a Jsb (s 4iss P4 5 a3 Y9 LUl A
Tl ) e Y Ll 5 (B0 aiBs N 5 a5 OF
14314 GITAF Cals (slage ) s |l by
(i3 WA €355 ,5 VA 5 IFRY nl Yo 5 hege
VO 5 e ¥ (s et V4 eols e YO (5 VP als & Yo
o bl cals FoU 2 gl p i VYAY ouT
IS oler L (dolas JolST (lacS s b o5
o)l paS (g5 St Jals 0T &Sk oS s |
N-87-20 (L5,T ¢S s coddn s ¢ o eyl 50
55 o pS slac s 55 S ks, N-87-19
T s e B s D) s 4 45 Lia S
Yl AY jga Yo 54 3 VF Cals ju 56 s s
Lads g gas el 3l Lt glo s 5305 b 8 s w
s )l ml 53 s men a5 A eSS
33 0B Ggas Jorl e sl bl s aesls ko
Cyame AF ga Yo 5AY 5 slaals f,
53 ey Jol e S gt LTl 53028 8
UseamaSn ) (o208 253 &b
3l S go 0 S5 gB Jle S et s
ool 3l eslisl b oS5 55 ol e s e
23508 S a8l sy b 4 S 5005
Sl p3Y Oles 5 b plowil 55 8 o 8 (slaole
(a0 G ol (ool i o e O
S s (3 8 T g s sy L
Jolpp s et ety (S 5 605558
LT3 (g5luwar s gl m a8 &S50 s
Jols sl 5L ok 555 Shas 5 by (K505 5
el (G (rd) Bl (G (DS o


http://dx.doi.org/10.29252/abj.21.4.302
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.1.7
http://agrobreedjournal.ir/article-1-1075-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-31 ]

[ DOR: 20.1001.1.15625540.1398.21.4.1.7 ]

[ DOI: 10.29252/2hj.21.4.302 ]

YA Oliess F o,lets A(,s_ 5 S e (001 2 pole 4"

S e dmaloe G315 s Pl AL B 0,8
(Soltani, 2009)

A s e (55l oS b e Je 5
(Segmented function) ¢1aSG 55 e sl le
[(Soltani, 2009) > 3% e 3Ll

(V)

—~ O

o~k

s lin o b 5l dde oLl csala)l B ) s 4

Glaesly L ddas v g ol b luand Gla s &
3597 o 5l A .aﬁf@ Syl My a.\..f»é))ch-
slesls gl SSMU s ALE (claam i b
(3 g1 0k plowil Laasial 3 5,557 5 0T 51 eslizal b 457
LLE L Jis oo 5 5 2 8 D) s (s5luans
Sl ol e cpl 31 Coda L5l 4 e ol sualie
Dubduéuww_,.a}_&wd
Lt Gty ol il Gl Las 8 o510 b
JoB Slyan ods (a5 3l slaylas Ll
Cos 0laslis lisl adls bag o3Il b Jod
530 edds o5l 6l sl el 35557
3lie U ot dodalive Stu; 5 SLidles, § U
2 05057 Gl s s lie Jbo o 5 (gluad
= oSO i (ol sla et La 1 Jie
(CV) Ol w o 5 (RMSE) L__L=
e U [ JEVY () B SV
oslaul iy BVA by g V) Lo 1 s i

N ‘sﬁTt‘,.? 3 e (Soltani, 2007) L
SAS J153lp 5 Sl eslizal b ml 5 2315 claesls 05 S
Excel )l ;5lp - 5| L JSi s g 3 At ool

L eslarwl

TMP — TBV) / (TPLV — TBV)

TCV - TMP) / (TCV — TP2V)

CPP (53, »5 Sl ) s 555 J sk PP

OT 51 S 55 48" (6555 Jsb) (Sl w555 I b
ot PPSEN 5 (5,108 o 2l 4 5 i oy
PrE Sl 55y Jsb des G55 b el
5 gtb 03,5 Bl 5 Jlw 555 ¢ Jome (oLl 2

(F aba)

if TMP <TBV

if TBV <TMP < TP1V
if TP1V<TMP <TP2V
if TP2V<TMP<TCV
if TMP>TCV

b slas TBV sl slws KL TMP
(s 3lwo g Sl oslhae (gles STPLV (g 5luo )l
$Les TCV 5 iluoyl $B 58 o sllas (sles TP2V
SO Sl (V) Ol e il oo (65 lwoylgs ol
Callae Glos 53 55 K Ske 61 2 0lS &S s
5 S slales c(.\.f BE .aﬁf A8 ilweyle !
53 51,8 Bl a3 (TCVINY I i 5 (TBV) -
AL (TPLV) i e sbos 5t Jge (5 5lue )l
Loyl 25U op i ool § slu a5 (TP2V)
VYo AjTLes Aulel b ) Ujé_.p)'ll_»;u':..»lf
LU sl 2alS g5lae e 50 ool F sle oo
.(Soltani, 2009) 4w ,; 2

Voadal) Sl eslatal b (s § 595 dldal drlos (51
Jsb g Las STa> 5 la> asljy, claesls 5l
¢¢~\-'f el 03 5 o)l an o 55 Lk ol )
(Mirdavardost, 2007; i 5 15 ¢S (5 sbaw f (V)
Soltani and Maddah, 2013; Soltani et al., 2013)
330 2825 dsb s b e i o 5 fol>-
2l S gad Al o 93 m aes Gl e 9 Al
o 1o OT (6l (a3 53, 315 Ol g 4 5 0 g
b iy ol b ol 61 ik 5 55 )
A fPP) Gy dsb 4o Sl fale jliis 5
R S SR


http://dx.doi.org/10.29252/abj.21.4.302
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.1.7
http://agrobreedjournal.ir/article-1-1075-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-31 ]

[ DOR: 20.1001.1.15625540.1398.21.4.1.7 ]

[ DOI: 10.29252/2hj.21.4.302 ]

"X YA O 5 Al e 5053 (ladmial b 55T "

B BTSSRl b8 L oL axlse e
j@)w,ﬁg¢uﬂjo.\_&&»¢¢f¢u)\
YV il )l 50 5 Lk 5 Bl 5 05 50
(eddkiw ado o 53 5L 5 gl e JIs 4 IVAY e
o resls Jodow g an 2 5 Al eSS Lo g
AV LR 53 5 g0 0k S e el

(235 il 1YAY g ¥ 5 1YY

e g
25 leiTeyss dsb 53 55, dsb 5 s Sl
U =Y/F 51 ST gles .l ok oals 0lis VK
YE/F G-V 5 Blds gles 531 8 slo a5 FY/F
°)}5g;b)-‘j-§).))dj—k~5ﬁ‘;:jc~‘5‘;&‘*"4’.‘)5
53 Cadly i el VO/PA LY /90 51 S lajT
(SLidles S ado o )3 WA 5V F sl s

@)
18
6
16 b
14 3
S 12 4 9
3, = 10
2 £ 3 1
S =
3§ s '2 ’ «—— »
E 6 4+—» ‘ 1
4 1 12
-« > - >
2
0
0 100 200 300 400 500

O STV tolesT g5 5 5 e 525
Days after the start of the experiment (4 December 2012)

(b)

/L,n

ailiay sled o
th

[
h O

-10

Average daily temperature (°c)

0 50 100

150 200

QA7 3V bl &

250

300 350 400 450 500 550

e 3l e 385

Days after the start of the experiment (4 December 2012)
SV AAYEDF YN SabsT b 5o (0) il cles 5 (D) 55, dsb Ol -) S
GAEAARA SR STRCALNAL R A RN R RV L L ARUOVTR L WAL L A T-ER R WAL LR )ST iy @)U s Sy

WY OLT VO 5 WFAY oo ¥V (VFAY 55 05 14 (ITAY 5130 YO YAY 5 1F (VFAY sls = Yo YAY Sty

.@lu@\.{'@,u)’l&ﬁu@”w;Jjba,u;gwoliﬁ,ab,souuwwww.m

Fig. 1. Day length (a) and daily temperature (b) changes during Experiment. (1, 2, 3, 4,5, 6, 7, 8,9, 10, 11 and

12 represent planting date 4 December 2012, 8 January 2013, 7 February 2013, 10 March 2013, 7 April 2013, 8

May 2013, 10 June 2013, 5 July 2013, 16 August 2013, 10 September 2013, 13 October 2013and 6 November

2013, respectively. Range specified by each arrow indicates the growth duration at each planting date

Yo


http://dx.doi.org/10.29252/abj.21.4.302
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.1.7
http://agrobreedjournal.ir/article-1-1075-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-31 ]

[ DOR: 20.1001.1.15625540.1398.21.4.1.7 ]

[ DOI: 10.29252/2hj.21.4.302 ]

YA Oliess F o,lets A(.s_ 5 S e (001 2 pole 4"

U sl 5y YY U Y T b o yale ),
Y Sladles S 6 b yaliw 31 o) VP B Y o jalin
U0 e p b S,y b Slidles & 51 s, YA
S ey L S5 58 (S ey 515 555 AF

J}JJ})\?UY C_,.&‘JJ:

5 e oo Ui Sy Sl il

03l3 OLES Y Jgds jo slS slag b s el o
U sl 1 sy sl ST 5 Bl . ok
5oy B OS5 SS9, YV 5 F 5 4 O e

AU F a8l B ghamy 51 FY 5 OS5 5a

CalS slag b s f.cfcu,\,‘,.:utgﬁ Jsb ke 5 S o ¢ fold =) Jgul

Table 1. Minimum, maximum and average development duration of wheat cultivars in planting dates
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Table 2. Estimation of coefficient of variation (CV), root mean square of error (RMSE), coefficient
of determination (R?) and correlation coefficient (r) for Beta model of wheat cultivars. R?is relationship
between seedling emergence rate and temperature and r is relationship between observed and predicted
days to seedling emergence

C"“f 5l

Wheat c&ltivars N CV (%) RMSE R? r atse b+se
Morvarid 48 21.06 2.27 0.83 091 1.45+0.68  0.83+0.05
Tajan 48 21.36 2.46 0.82 090 1.48+0.76  0.83+0.05
Koohdasht 48 24.38 2.90 0.80 0.89 0.63+0.91  0.92+0.06
Darya 48 23.94 2.84 0.78 0.88 1.26x091  0.86+0.06
Gonbad 48 23.77 2.76 0.81 090 0.96+0.84  0.89+0.06
N-87-20 48 24.82 2.86 0.82 090 0.18+0.86  0.98+0.06
Arta 48 22.05 2.70 0.82 090 1.17+0.84  0.88+0.05
N-87-19 48 24.33 2.86 0.81 0.89 0.70+0.88  0.92+0.06
Total data 384 23.04 2.68 0.81 0.81 0.96+0.29  0.89+0.02
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Table 3. Root mean square error (RMSE) and coefficient of determination (R?) for beta-quadratic function
describing the relationship between development rates toward stem elongation with temperature and photoperiod
of wheat cultivars. R? is relationship between stem elongation rate with temperature and photoperiod and r is
relationship between observed and predicted stem elongation

Wheat cultivars piS ol N CV (%) RMSE R? r atse btse

Morvarid L ls e 48 5.07 2.56 0.99 0.99 0.89+0.84- 1.00+0.01
Tajan oS 48 8.43 4.22 0.96 0.98 3.96+1.39" 0.91+0.02
Koohdasht Cbda S 48 6.96 2.70 0.98 0.99 -4.56+1.72 1.10+0.03
Darya Lys 44 9.86 5.01 0.97 0.98 -2.47+1.60 1.05+0.02
Gonbad L5 48 6.78 3.26 0.98 0.99 -4.25+1.76 1.10+0.03
N-87-20 N-87-20 48 8.62 4.26 0.97 0.98 -1.00+1.31 1.00+0.02
Arta 6,7 48 11.32 5.96 0.95 0.97 -6.21+2.15" 1.06+0.03
N-87-19 N-87-19 48 7.13 3.92 0.98 0.99 -3.21+1.88 0.85+0.03
Total data s osls IS 380 12.47 6.32 0.94 0.97 0.79+0.72 1.00+0.01

(A3 65 oz mbaws 53) B gl ) 98 sl o Ul ime ol g1l o
*: Significant difference from 0 for a and significant difference from 1 for b (P < 0.01)
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Fig. 2. The beta function for description the development rate to temperature

(the curve was plotted with parameters estimation of wheat cultivars)
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Table 4. Estimation of biological days from planting to emergence (VE), emergence to tillering (TL), tillering to

stem elongation (SE), stem elongation to booting (BT), booting to heading (SPE), heading to anthesis (AN),

anthesis to physiological maturity (PM) and physiological maturity to harvest maturity (HM) of wheat cultivars

Wheat cultivars piS o5 VE TL SE BT SPE AN PM HM

Morvarid A,le,.  7.92 79cd 8.9a 5.7ba 34a 69a 225ba 6.3a
Tajan s 6.2a 7.8ed 9.2a 5.5ba 35a 6.6a 224ba 6.9a
Kohdasht RN 6.2a 9.9a 9.5a 4.7b 37a 69a 24.5a 6.8a
Darya L,s 6.4a 8.8a 10.4a 5.1ba 3.6a 5.7a 24.8a 7.0a
Gonbad & 6.2a 8.7ch 9.8a 5.9a 36a 7.0a 23.8a 6.7a
N-87-20 N-87-20 6.0a 8.5chd 9.8a 5.2ba 33a 6.la 244a 7.1a
Arta G,7  6.6a 6.5chd 9.7a 4.7b 3.3a 5.8a 22.0ba 6.6a
N-87-19 N-87-19 6.2a 7.0fe 94a 5.2b 3.2a 6.8a 21.1b 7.1a
Total data besls | 6.2  *B.1 9.6™ 5.2* 34m  6.5m 232 6.8™

D15 gme o8 NS s (6 Is pme S gli ds 3 oty Jlaz

33 LSD 05037 lal s cdizan oS i 35,0 (51ls ST ey Sls Ot a3

Means in each column followed Dy similar letter(s) are not significantly different at 5% probability level,

using LSD test. ns: not significant
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Table 5. The number of biological day to require from planting to emergence (VE), emergence to tillering (TL),

tillering to stem elongation (SE), stem elongation to booting (BT), booting to heading (SPE), heading to anthesis

(AN) and anthesis to physiological maturity (PM) in SSM-wheat model in four wheat cultivars

Wheat cultivars ~ ,u8 .50 VE  TL SE BT SPE AN PM
Zagros >S4 55 8.04 7 2 7 34
Tajan o 4 55 12.67 6 2 8 34
Kohdasht Cida S 4 5.5 8.71 6 2 9 33
Shirodi (859 4 5.5 8.71 6 2 9 33
33 e 48T as e 0L 5 o oalin (g5 4) 4 S8t e il I ol s
@)UJ&.(\C Jg.&) ol 03 91 (39 90 ng)ﬂwulﬁ andllos 5 g0 (u\.lfrB)‘ L;\ﬂ(;v\:»ﬂ))@w\ob;)
c_x_,;fcg}_?du.ij}f(ls)\);\ﬂ\‘ 35,0 YO S L J=le om) o5 SB35 LSSM Jue o8 515 OLis
\yay )ﬁﬂ_&\ﬂ C_,.&K@)UJJ)N'S?'].Q)UJT )‘ Ju.al:- @L’.‘J 456)#4_: (e 03 g05 ngl.w‘&:.&
SLdles ;8 U 5oy nolie «N-87-19 5 )T o3, ) ol i ldae 47 sl 0las e (55058 oL
od g i SLE3les S U 55, folis 53 odd edaliv 5505 SLidles, S b 55, 6l (RMSE) last Silas e
BE .M\J)‘Jﬁu)bi\/\boaju\wﬂcju b}b&@‘j)) V/e% 4V/70 4 cf.x,ﬂ)t:
(\,\_;?(\t_s)a.a_:xfﬁmv 313 e YO L3S 5L 5ol odalie SLisles S 55, 5:S0ke o3 Vs
&L&a);ouaMww\sj;Aﬂ)Uj”ﬁ:Lh auaMw;w)Uj})&:iﬂtAM)JO J}J.>
)'\C)Lﬁ-co.k_iu_lﬁ&ﬁwbﬁ;.lﬁ_w)\ﬁjj) UJJJW(CV)Q\M%RﬂJQ)%cM
U'f-‘ é..&‘ J:Jb il )\_,5 Lo o A Ja.>'-o.>‘5u\.>r.a ol odalie g ol 6)‘..;:4:..2 L;.,\.:.ﬂ)j @U&é‘a.);
C)L}CM}AJ\JAJ%UB\‘W&})C}.A}A aujduudbbyu)ba/\\/)\'/*b g_,.;fﬂb
MK@)U:))WJ‘MK&U&@)Udldb}; CUJ\ Lgif.)ﬂj-j}‘g‘_}-"f‘ w&:ﬁ)) JJA&YL C3s
AiL (L;AUQL{T)A.EE.»(}“J« Loodd giluans 654 48 LQYQL;:W?M.@\ ("\f
Y.


http://dx.doi.org/10.29252/abj.21.4.302
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.1.7
http://agrobreedjournal.ir/article-1-1075-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-31 ]

[ DOR: 20.1001.1.15625540.1398.21.4.1.7 ]

[ DOI: 10.29252/2hj.21.4.302 ]

YA Oliess F o,lets A(.s_ 5 S e (001 2 pole 4"

| R=0.91
B 200 7 RMSE=7.65
R CV=10.25
\C} E 150
ﬁ &
3 2 |
4 £.100 %
: O
T s o
T E o e
1 E
0 T T
0 100 200

ald sdalie SLZ3 a:‘f'ﬂ 3
[ PEN]

Observed days to anthesis

a&@ﬁ@\:ﬁé.x:.ﬂ)l;‘j;)

Simulated days to maturity

250

R=0.97
200 1 RMSE=7.06 o4

150 A

100 @& %

al
o
1

0 100 200

ol sutaltie tls (S, U g,

Observed days to maturity

Ao 53 VA wals oS 0651 53 Sbls Sy 5 SLadl 0 56 S5 0kd (giluand 5 oldodalie pslie—F IS

Sl V1) h;,\wb.@\omomowcu;.%ubj:auéxfgu;\,au@u@ﬁ;uﬁdﬁo,w

Fig. 4. Simulated and observed days to anthesis and maturity of wheat cultivars. Range if 18% of discrepancy

between simulated and measured has shown by dashed lines. Solid line is 1:1 line
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Estimation of phenological parameters in SSM-Wheat model for bread wheat
(Triticum aestivum L..) genotypes in Golestan province of Iran

Panahi, M. H.1, A. Soltani?, E. Zeinali®, M. Kalateh Arabi* and
A. R. Nehbandani®

ABSTRACT
Panahi, M. H., A. Soltani, E. Zeinali, M. Kalateh Arabi and A. R. Nehbandani. 2020. Estimation of phenological
parameters in SSM-Wheat model for bread wheat (Triticum aestivum L.) genotypes in Golestan province of Iran. Iranian
Journal of Crop Sciences. 21(4): 302-314. (In Persian).

To estimate required parameters of phenology sub-model in SSM-Wheat model (cardinal temperatures,
critical photoperiods and photoperiod sensitivity coefficient) and to determine of the biological day for eight
bread wheat genotypes (Morvarid, Tajan, Kohdasht, Darya, Gonbad, Arta, N-87-20 and N-87-19) in Golestan
province of Iran in 12 sowing dates, an experiment was carried out using randomized complete block design
with four replications during 2012 and 2013 cropping cycles. Beta-quadratic model was used to explain the
relation of stem elongation rate of the wheat genotypes in response to temperature and photoperiod. The bread
wheat genotypes did not have significant differences in critical photoperiod and cardinal temperature. However,
they were significantly differ for biological day and photoperiod sensitive coefficient. Therefore, cardinal
temperatures including; base, optimum and ceiling temperatures were used in 0, 28 and 40 °C, respectively, for
all of genotypes in the model. In addition, the critical photoperiod fixed on 21 hours in this model. Coefficient of
sensitivity to photoperiod varied from0.00272 to 0.0091 for genotypes. The bread wheat genotypes did not show
significant differences in terms of biological days (bd) in phenological stages including; sowing to emergence
(6.2 bd), tillering to stem elongation (7.9 bd), booting to heading (3.4 bd), heading to anthesis (6.4 bd) and
physiological maturity to harvest maturity (6.8 bd). However, significant differences observed in phenological
stages emergence to tillering (6.5-8.8 bd), stem elongation to booting (4.7-5.9 bd) and anthesis to physiological
maturity (21.1-24.8 bd) among genotypes. Model evaluation indicated that root mean square error for biological
days to anthesis and days to physiological maturity was 7.7 (with coefficient of variation 10.3%) and 1.7 (with
coefficient of variation 2.5%), respectively. Therefore, parameters of cardinal temperatures, critical
photoperiods, photoperiod sensitivity coefficient and biological day were estimated reasonably for bread wheat
genotypes of Golestan province.

Key words: Biological day, Cardinal temperature, Critical photoperiod, Sowing date and Wheat.
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